It is well established that treatment of animals with a single high dose of LH or hCG results in steroidogenic desensitization of Leydig cells.'*2 Desensitized Leydig cells exhibit a decreased capacity to produce testosterone in response to subsequent stimulation with gonadotropins or CAMP analogues, and have decreased activities of the microsomal P-450 enzymes, 17a-hydroxylase, and C17-20 lyase. The present study provides evidence that the decreases in microsomal P-450 activities are caused by oxygen-derived, free-radical damage of the enzymes, and, furthermore, that the decrease in microsomal P-450 activities are not the primary cause of the decrease in testosterone-producing capacity observed in desensitized Leydig cells.
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hr. This decline in P-450 activities was partially prevented by addition of the antioxidant dimethyl sulfoxide to the medium or by reduction of the oxygen tension. The combined effects of these treatments were synergistic in preserving the P-450 activities of control Leydig cells. In contrast, the P-450 activities of desensitized Leydig cells maintained at 19% 0 2 were reduced to 50 and 33% of control values at 24 and 48 hr, respectively. However, when Leydig cells were cultured in an atmosphere of 1% 02, the CAMP-induced decrease in the P-450 activities was essentially prevented. The activity of A5-3p-hydroxysteroid dehydrogenase-isomerase, a microsomal enzyme that is not P-450-dependent, was stable in both control and desensitized Leydig cells during the 48 hr culture period, indicating that the decrease in microsomal P-450 activities was specific and not due to damage of the cells andor the smooth endoplasmic reticulum. These data are consistent with the hypothesis that oxygen-mediated damage is responsible for the time-dependent decrease in 17a-hydroxylase and C17-20 lyase activities of control Leydig cells, and is the mechanism by which these activities are further decreased in desensitized Leydig cells. The large and rapid reduction of hydroxylase and lyase activities of desensitized Leydig cells at 1% 0 2 is consistent with the model described by Hornsby for inactivation of the adrenal P-450 enzyme, 1 lp-hydroxylase, by the product, cortis01.~ In this model, interaction of products (pseudosubstrates) with the enzyme leads to release of damaging free radicals from the P-450.pseudosubstrate complex, due to the inability of the steroid product to be hydroxylated. In this regard, it should be noted that during the desensitization process, Leydig cells are exposed to high concentrations (-2 pM) of the product, testosterone. Recent results, which indicate that a 24 hr incubation of Leydig cells with high (2 pM) but not low (0.2 p M ) concentrations of testosterone causes the same extent of decrease in P-450 activities as incubation with CAMP, and that this decrease is prevented by reduction of the oxygen tension, support the hypothesis that decreases in microsomal P-450 activities of desensitized Leydig cells are caused by steroid pseudosubstrate-induced, oxygen-derived, free-radical damage of these P-450 enzymes. The capacity of control Leydig cells to produce testosterone in response to CAMP was not diminished at any time or under any culture conditions tested, even though P-450 activities of cultures maintained at 19% O2 had decreased by 75% after 48 hr. In contrast, the capacity of desensitized Leydig cells had decreased by 50% at 24 hr under all culture conditions, in spite of the fact that Leydig cells maintained at 1% 0 2 did not exhibit decreased P-450 activity at this time. Thus, the decrease in maximal capacity for testosterone production of desensitized Leydig cells cannot be attributed to the decrease in 17a-hydroxylase and C17-20 lyase activities and must be caused by other factors, such as a decrease in cholesterol side-chain cleavage activity" or depletion of cholesterol
